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FOREWORD

The purpose of thia roport is to present empirieal probabllitics of
good, marginal, or poor Orbiter ferry weather across tho southorn United
States from Edwards AFB, California, to Kennedy Space Center, Flovida,
and from Edwards AFI to Marshall Space Flight Center, Alahama,

To develop these probability statements, it was first necessary to
establish eriterin by which good, marginal, and poor enroute ferry flight
weather could be identified from a surface weather map., Current Orbiter
ferry guidelines received from NASA /Johnson Space Center indicate that
ferry flights are to be conducted under VFR and arce to avoid turbulence.
The criteria listed on page 1 were sclected as indicators of turbulence or
thick clouds that would make VFR {light difficult or impossible, An inter-
pretation of cach category is:

Good— No indications of turhulence.! No thick clouds to
hinder VFR flight,

Margin — Some turbulent areas present, Some thick or layered
clouds, making VFR flight doubtful,

Poor — Turhulence very likely, Thick clouds present precluding
VFR flight.

1 CAT indicators were not included in this study.

Several examples of questions that can be answerced from the tables pro-
vided are given on page 5.

Weather requirements (especially light ground winds at Marshall
Space Flight Center) for the Orbiter/Carrier aircraft demate operation
were not considered in this study. If several hours of light winds at the
terminal were to become a prerequisite for the ferry operation, the "good"
probability values in this report would be reduced considerably.
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Section T

INTRODUCTTON

Current plans call for the Space Shuttle Orbiter to be ferried on

the 747 Carricr Aircraft from Edwards Air Force Basc, CA to Kennedy
Spaco Center, FL and to Marshall Space Flight Centc., AL, This study
provides the empirical probability of having one day of good, marginal
and poor flying weather each month across the southern United States
conditional upon the prior one, two and three days' flying weather.
Results are given by month for each overall route plus segments of

each route, The Edwards AFB to KSC route is divided into three segments:
Western-Edwards to Midland, TX; Middle-Midland, TX to Shreveport, LA;
Eastern-Shreveport, LA to Kennedy Space Center. The Edwards AFB to
Marshall Space Flight Center route utilizes only two segments; Western-

Edwards to Midland, TX; Eastern-Midland, TX to Huntsville, AL.

Eleven years (1966-76) of the 0700 EST Daily Weather Maps (1) were
examined along the proposed route. Each of the three segments was
classified as good (1), marginal (2) or poor (3) for aircraft operations

using the following criteria:

Good (1) (a) no fronts
(b) no gusts or squall lines
(¢) terminal conditions VIR
(d) no thunderstorms
(e) no significant precipitation occurring

Marginal (2) (a) frontal system diffuse or dissipating
(frontolysis)
(b) terminal conditions expected to deteriorate
within 6 hours to <VFR
(c) isolated thunderstorms




(d)
()

Poor (3) (a)
(M)
(c)
(d)
(e)
(f)

somo wldespread middle or high eloud cover
inalated precipitation areas

well developed frontal system or {rontogenesis
gustiness or squall lines

terminal conditions <~VER now

line of well developed thunderstorms
widospread middle or low cloud cover

broad band of precipitation oceurring

The coded data for each segment for each of the 4,018 days werc placed

on maghetic tape in chromological order. The code numbers 1, 2 and 3

describe the good, marginal and poor weather conditions, while their

position on tape determines the route segment being described. For

example, the symbolic form is W,M,E; W,M,L; WML W,ME; and the actual

data might be 111, 111, 111, 123 for any four days. The coded data were

inventoried and edited for serial completemess prior to processing.




Section TI
PROGRAM AND ANALYLLS

The proaram examines the daily codes and {dentifies overlapping ceauences
of two, three and four days. The last dav of each scquence s considered
to be the nost condition, while the other davs in the scquence are
considered to be the prior condition. A1l days in each prior condition
are, hy definition, of the same tyne. In the example aiven in the
introduction, an analysis of the Western seqment would show one sequence
of 3 prior good days and 1 post qood day. It also would show: two
cequences of 2 prior good days and 1 post qood day; and three sequences

of 1 prior good day and 1 post good day.

The same procedure is followed for each seqment. When the entire route
is analyzed, all three codes (W,M,E) must be examined each day. The
criteria for qood is that all positions Be coded "{u: for marqinal, at
least one segment of the route must be a "2", but none can be a "3y,
while for poor conditions, at least one segment must be a "3". In the
above example, the ENTIRE ROUTE analysis would show one sequence of 3
prior qood days and 1 post poor day. It also would show: one seaquence
of 2 prior good days and 1 post qood dav; one sequence of 2 prior aood
days and 1 post poor day; two sequences of 1 prior good day and 1

post qood day and one sequence of 1 prior aood day and 1 post poor dav.
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Section 11

Fipures and Tables
The figures show tho percent frequency of occurrence of at least
ono and two good, marginal, and poor days over the cutire ferry routoe
from Ldwards AFB to Kennedy.Space Centor, For example, of the 341
days in the 11 Januarices 103 or 30.2% were good, 178 or 5H2.2% were
marginal, and 60 or 17.6% were poor. These are the values shown by
bar graphs for January in Figure 1. Those in Figure 2 were countca
in a similar way - therc were b6 occassions (16,4%) when the entire
route was classified good on at least two successive days. The mar-
ginal or poor classification was assigned if any part of the route

fell into that category,

The tables show the frequency (F), conditional cmpirical probabilities
(CP) and the empirical probability of having the indicated types of

days followed by a gbod, marginal, or poor day (%). Total frequencies
are shown for each type (TOT F) and a grand total (N) gives the number

of observations for each month for the 1l-ycar period.

The other headings are explained as follows:

TYPE: This is the condition of the current day, or days, while
the condition of the day following is shown in the frequency columns

of the good, marginal and poor fields across the page.

DAYS: This is the number of days defined by type. A "1'" is added

to the appropriate frequency cell under the proper field,

4
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CP and %: These columns contain the conditionnl probahilitias

and percentages, whore

(ML l",’TQ'l'I\I. P
“o & l"/N

The following series of quostlons and answers {llustrate seme of the

information tho mission planner can ohtain from the tables, Table 1 -
lidwards AFB to Kennedy Space Center, lntire Route, January is used

in all examples,

Q. What are the chances of having a good day over the entire route?

A. Of the 341 days examined 103 were good, 103/341 = 0,302 or 30.,2%,

Q. How many times did 2 successive good days occur? 3 pgood days? 4
Jood days?

A. Two successive good days occurred 56 times. Three successive good
days occurred 30 times, Four successive good days occurred 13 times.

Q. What is the probability (%) of 2,3,4 successive good days?

A. (56 ¢ 341) x 100 = 16.4%; (30/341) x 100 = 8,8%; (13/341) x 100 = 3.8%,

Q. What is the conditional probability (¢) that tomorrow will be good
given that today is good?

A, (56/103) x 100 = 54,4%,

Q. Suppose it is known that the entire route has been good for 2 days.
What is the conditional probability (%) that tomorrow will be good?
Marginal? Poor?

A. Good (30/56) x 100 = 53,6%
Marginal (18/56) x 100 = 32,1%
Poor (8/56) x 100 = 14,3%

Q. On how many days and with what percent frequency did at least onc
segment of the route have poor weather?

A. 60 days
(60/341) x 100 = 17.65%
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Section IV
CONCLUSTONS

The tables show that the greatest V1ikelihood of having two, three and
four consecutive days of favorable weather alang the entive route is
during the months of June, July and Auoust, while the least favorable
months are Anril and November. In addition, al) three scquents show the

hinhest percentages of qood conditions during the summer months.

These tables should prove useful in determinina the months with the
ontimum flyina weather as well as the 1ikelihood of havina 2, 3 or 4

consecutive good days along each seament of the route.

-

- —
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Section V
REFERENCES
1. Dafly Weather Maps, Weckly Series, U. S. Department of Commerce,

National Oceanic and Atmospheric Administration, Environmental Data
Service, Silver Spring, MD.
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